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LETTER OF TRANSMITTAL

Sacramento, California
March 1, 1957

The [Diverters of Water Along the Sacramento River
gnd in the Delta

Gentilemen:

The attached publication entitled "Report on 1956
Cooperative Study Program, Water Use and Water Rights Along
Sacramento River and in Sacramento-San Joaquin Delta" is
pregented for your information and use. This report has been
prepared through the cooperative effort of the United States
Burgau of Reclamation, the California State Department of
Watgr Resources, and the Sacramento River and Delta Water
Assdciation.

It is believed that the information contained in
this| report will be useful in negotiations aimed at reaching
an ggreement on water rights along the Sacramento River and
in the Delta. The Bureau of Reclamation and the Department
of Water Resources will make available the services of their
rengctive staffs for consultation or for the provision of
data and information as required prior to and during negotia-
tions.

Very tru

Clyde H./Spencer
Regional Director, Region 2
United States Bureau of Reclamation

(OFBe—

Harvey 0. Banks
Director of Water Resources
State of California

V

W. H. Baber

President

Sacramento River and Delta Water
Association
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Foreword

This report covering water use and water rights along
the Sacramento River and in the Sacramento-San Joaquin Delta,
prigsents the results of a cooperative effort among engineers
representing the United States Bureau of Reclamation, the
Califofnia State Department of Water Resources, and the Sacramento
River and Delta Water Association. Each group has contributed
substantially through the making of decisions as to technical
deftails of the work and through actual performance of the compre-
hensive computations involved in these studies. These engineers
have agreed upon the basic hydrolegy, water right assumptions
usjied in the studies, and computation procedures by which the
rejsults were achieved. In many cases certain assumptions were

suggested by one or more of the parties in order that the infor-

mation desired by those parties might be obtained and the agree-
ment by the remaining parties to participate in studies of such
asisumptions demonstrates their willingness to cooperate in the
development of all pertinent facts.

The cooperating engineering group wishes to emphasize
thiat water right assumptions made for study purposes may differ
considerably from the rights as they might be determined by a
court of law. The purpose of these assumptions was to demonstrate
the effect of variation of water right criteria on the yields of
thle water rights and on amounts of supplemental water required to

fijrm up the yields to meet the 1954 or 1955 level of diversions.




The purpose of this report is to present a sunw. . -
#ation believed to be essential for commencing ne,

§11 be aimed at reaching an agreement on water Tz tie,

1
pénto River and in the Deéelta., It is anticipated tna
¥ill be many guestions left unanswered by this report. How~
the findings presented herein will provide a basis for eval-

ng the relative importance of alternative assumptions as to
water. rights. Those that appear worthy of further study may be
ysed in additional computations as the negotiations proceed.
Information in this report is presented in two volumes,
Volume I contains brief descriptions of the methods and summaries
f the findings of the various analyses under the 1956 Cooperative
Study Program. Volume II contains 606 tables which present in

detail the salient results of the studies.

Basic data and detailed explanations of assumptions and

mpthods used in the studies described in this report, as well as

results not shown herein; will be made available for limited dis-

tribution at a later date. Original copies of supporting data and

¢pmputations are filed in the office of the Department of Water

Reésources in Sacramento,




I - INTRODUCTION

The question as to the relative rights of water users

along the Sacramento River and in the Sacramento-San Joaquin

Deltp has long been a significant one in the affairs of this

regipn., As early as 1920 there was indication of an inadequate

watelr supply to satisfy all water requirements in summer months

along the river, In that year the City of Antioch sought an in-

juncftion to prevent appropriators of water from the Sacramento

Rive
3,50
qual
A te
the

Cali

agai

tere

user
Rive
sult
cise
as t
Sacr
Engi

ord

r from reducing the flow past the City of Sacramento below

D cubic feet per second so as to prevent impairment of the

ity of water available for diversion by the City of Antioch.
pporary injunction was ordered by the superior court, but
porder was reversed by the Supreme Court of the State of
fornia. This was followed by the filing of a similar action
he Holland Land Company and other water users in the Delta

nst the Williams Irrigation District and other upstream in-
sts. However, this case was never brought to trial.

The dry year of 1924 caused serious concern among water
s in the area and led to the first Sacramento-San Joaquin

r problems conference held in that year. This conference re-
ed in an agreement whereby the water users pledged to exer-
their respective rights to the use of water in such a manner
O accomplish the maximum degree of water conservation. The
amento~San Joaquin Water Supervisor was appointed in the State
heer's staff as a result of this conference in order that a rec-

pf the diversions and streamflow might be obtained and in crder

3




Yo promote maximum conservation of water. The water suy o ity
gtaff was again called upon to assist in prevention of -

water during the critical year of 1937, Howaver, it was apparaent
that this method alone would net solve the problem with respect

tp the Delta and that a more positive limitation of upstream di-
versions in accordance with water right criteria would be necessary
if the Delta were to get its share of the water supply,

Members of the staff of the State Engineer?s office
recognized as early as 192/, that the Sacramento River was over-
appropriated at that time with respect %o low flow conditions that
ogcur in such critical years as 1924. L was also recognized that
tHe only solution to this situation was the construction of projects
which would store water in months of surplus runoff and release it
for use during the summer months, This fact was an important con-
sideration in the recommendation by the staff of the Division of
Water Resources for implementation of The State Water Plan presented
to| the Legislature in 1931. 1In 1927, anticipating the presentation
of| this plan, the Department of Finance of the State of California
fijed upon unappropriated waters of the Sacramento River and other
major tributaries of the Central Valley in order that water rights
might be obtained to permit such storage of surplus water,

Although it was contemplated that the Central Valley
Prgject, the initial unit of The State Water Plan, would be built
by |[the State of California, it was found necesszary to call upon

thd Federal Government for assistance in implementing this project.
As |a result, the United States Bureau of Reclamation commenced con-

struction of the Central Valley Project in 1937. Applications for




wat¢r rights that had been filed by the State Department of ! . nce
in 1927 were assigned to the United States for project pursn

- In dddition the Btate Department of Finance filed supplement .. ppli-
cations required for Central Valley Project operation in 1938 and
thege {ilings were also assigned to the United States. Subsequently
the |Bureau of Reclamation made independent application for water
rights for its Central Valley Project. The present status of these
watgr right applications held by the Bureau of Reclamation is that
they have been protested by various parties along the Sacramento
River and in the Delta, and action granting permits is being withe-
held] pending the outcome of current negotiations which this report
is designed to assist.

Subsequent to 1944 the Bureau of Reclamation began to
inteview diverters along the Sacramento River with the view of
attelmpting to settle the water rights problem. Results of the
interviews and sxchange of correspondence with individuals and

with| water user organizations appeared to indicate that such at-

tempks would be fruitless. Subsequently it became the conviction

of mbny persons involved in the water rights problem that litigae-
tion| would be required in order to determine the various water
right priorities and guantitative entitlements thereunder including
the priority of the right of the United States to divert and store
water for purposes of the Central Valley Project.

This fact was called to the attention of wvariocus leaders

in the Congress and the State Legislature and the result was the

so-cglled "Engle Committee Hearing."% At this hearing apprehension

on Irrigation and Reclamation of the Committee on Interior and
Insylar Affairs, House of Representatives, 82nd Congress, lst
Sesgion, and a Joint Interim Committee on Water Problems of the
California State Legislature on Central Valley Project, California,
water Rights, Supplies and Uses, October 29, 30, 31, 1951.

p)

*Eeaiings at Sacramento, California, before a Special Subcommittee
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vas expressed by representatives of the water users, by 37 na:.

Legislators, and by Congressmen in attendance as to the . o
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ies, expense and time that would be involved in a lawsuit =7 7 e

magnitude required to settle the water right problems along vhe

acramento River and in the Delta. It was the general conclusicn
f the hearing that a lawsuit should be avoided if at zll possible

nd that a practical operating agreement should be obtained by

egotiation,

morandum of Understanding

G

a

Subsequent to the Engle Committee Hearing, an exchange
f correspondence took place between the Secretary of the Interior
nd the Governor of California to discuss the means by which the
echts of various claimants to use of water along the Sacramento

fver and in the Delta might be settled by negotiation. As a result,

the Governor arranged a series of conferences among the various

laimants to the waters involved which led to the execution on

July 7, 1952, of the "Memorandum of Understanding Relating to a

Ganeral Approach to Negotiations for Settlement of Water Diversions

frrom the Sacramento River and Sacramento-San Joaquin Delta with the

Ojective of Avoiding Litigation.® The parties who signed this

agreement were the Bureau of Reclamation, the Sacramento Valley

Water Users fommittee and the Division of Water Resources of the

Stlate of California., A copy of the Memorandum of Understanding

is| presented in Appendix A. Under this memorandum the parties did

not guarantee a final agreement, but they did "agree to explore the

fulll ramifications of the approach, with good faith and with hope

of| agreement".,




Trial Distribution Agreements

Further negotiations among the water users, the E. -

of Reclamation, and the State Engineer, pursuant to the genc. -1
apprpach set forth in the Memorandum of Understanding, resulc:i

in the "Agreement for Trial Distribution of Water of the Sacramento
Rivey during 1954" and the "Sacramento River and Delta Trial Water
Distribution Agreement for 1955." Copies of these agreements are
pres¢nted in Appendixes B and C, respectively.

These agreements provided for a substantial increase in
the gcope of hydrographic measurements within the service area of
the $acramento River and Delta and for a number of analyses per-
taining to data gathered during the Trial Distribution Program and
to data available as a result of earlier hydrographic measurements
by the State and by agencies of the Federal Government. Monthly
reports of hydrographic data accumulated on a current basis were
submitted by the State Engineer for the months of March through
Octoler in the years 1954 and 1955, In addition summary reports
entitled "Sacramento River Trial Water Distribution 1954, Summary
Report of Data" dated December 1954, and "Sacramento River and
Sacramento-San Joaquin Delta Trial Water Distribution 1955,

Summary Report of Data" dated January 1956 were prepared by the
State Engineer., A report entitled "Sacramento River and Sacramento-
San Joaquin Delta Trial Water Distribution 1954 Report of Analyses"®
dated April 1955 was also submitted as a result of the studies pur-
suant to the 1954 agreement.

There was a series of conferences among representatives
of the water users, the Bureau of Reclamation,and the State Engineer,

which took place in the fall of 1955 and the early part of 1956. The




cqnecensus of these conferences was that sufficient data o »+ = -al
fqcts were available to permit final computations of the

irfformation which the conferees agreed should form the bas .= ia-

negotiation of a water rights settlement. They believed ihat such
nelgotiations should take place as early as possible. Specifically,
it| was thought essential that the studies include consideration of
water rights which had not been taken into account in earlier trial
distribution studies. Consequently, on May 14, 1956, engineer

representatives from the then State Engineer's office began the

work program in cooperation with the consulting enginser for the

Sajcramento River and Delta Water Association. Following a meeting
on| May 23, 1956, the United States Bureau of Reclamation designated
engineering personnel to participate in this program on its behalf.

Thiis work has been designated the "1956 Cooperative Study Program.”

Scppe of 1956 Cooperative Study Program

Data on stream flows, diversions and return flows avail-

ablle from records of the United States Geological Survey and of the
waker supervision activity of the Department of Water Resources were
uspd as a basis for estimating various facts relating to water right
clpims along the Sacramento River and in the Sacramento-San Joaquin
Delta. Estimates were made of modified natural flows that would
haye existed at the major gaging stations along the Sacramento River
anfl at other points if diversions from the river had not been made
bup if certain assumed diversions from tributaries to the river and
to|the Delta had been made. These estimates pertained to the months

of | April through October from 1924 through 1954. Determinations of

lapds physically riparian to the Sacramento River upstream from

8




Sacrgmento made by the Bureau of Reclamation on the basis of d--

titlg searches were spot-checked to satisfy the other partic:: -
engineering representatives that the methods used were reasonai . {
accurlate. These determinations included estimates of the net ar.. .
of rijparian lands that have been irrigated historically and of ticse
landg susceptible of irrigation by reason of their topography and
soil [quality. Information on appropriative water rights was tabu-
lated from the files of the State Water Rights Board for those appro-
priatfions initiated subsequent to the Water Commission Act of 1914. In-
formation on appropriations initiated prior to the effective date of
that [act was obtained and assumptions were made as to the portions of
such water right claims that have been vested by reason of beneficial
use., | Estimations originally made by the Bureau of Reclamation of the
extentt of overlap between lands covered by appropriative water rights
and physically riparian lands were spot-checked in order to confirm
the method used and to permit an assumption of its accuracy. Studies
had been made by the Bureau of Reclamation to determine areas irri-
gated| historically that were neither physically riparian nor covered

by appropriative water rights. These estimates were checked under

the cpoperative study program. Tabulations of assumed water rights
for purposes of studies were made from the foregoing information

on a monthly basis under assumed demand schedules. Estimates of
modiffied natural flows and assumed entitlements under various water
rights were used to estimate the yields of those rights, the defi-
ciencfies or differences between the yields and the 1954 or 1955
level| of diversion, and requirements for supplemental water. Other

information such as water remaining at various points in the




sacramente River and in the Delta after =zatisfaction of w .~
rights of wvarious priority wes also computed. Tabulai ... = f
information sstimated by the varicus studies dre presented in
Volume II of this report.,

Information on water right yields, deficiencies, and
supplemental water requirements were used by the engineers
representing the Department of Water Resources to arrive at a
pumber of possible alternative allocations of responsibility for
payment for supplemental water among individual major entities.
The division of responsibility for salinity control, which is
gssential to water utilization within the Delta and for exporta-

gion from the Delta,was also considered. Findings of these

{13

tudies and discussion thereof are presented as Chapter VI of

ot

his report,

Not considered in this discussion of allocation of

L !

esponsibility for payment are actual wonetary considerations

ot

hat might be involved by reason of the unit cost of supple-

=

ental water., Furthermore,; no consideration is given in these
gtudies to the capability of the Central Valley Project to meet
the level of local diversions corresponding to the 1954 or 19%5
condition which is assumed in the water deficiency and supple-
mental water reguirement studies. However, it is generally con-
sidered that the project is capable of supplying at least that
level of local water utilization provided appropriate deficiencies

are taken in critically dry years such as 1924, 1931, and 1934,

10




Area of Investigation

The area covered by the 1956 Cooperative Study Progr

is shown on Plate 1, entitled "Location of Sacramento River-L.o.

Service Area." This area comprises roughly 1,600,000 acres, of

which approximately 900,000 acres are north of the latitude of

Sacramg¢nto and approximately 700,000 acres are in the Delta., In

1954, approximately 325,000 acres of that portion north of

Sacramento were irrigated by direct diversion from the river, and

in 195% about 520,000 acres were irrigated in the Delta. Those

are thg years when detailed land use surveys were made by the State

in the

respective areas.

Within this general service area an extensive agricultural

industry is located. There are many varieties of orchard, truck,

and fi¢ld crops, but north of Sacramento the major crop for many

years has been rice. In 1954, the year of maximum planting of that

crop, about 185,000 acres of the aforesaid area irrigated from the

river was planted to rice alone., "Grain and hay" was the major

crop group in the Delta in 1955, covering about 96,000 acres.

Import

bnt urban areas within the Sacramento River service area are

the Cities of Redding and Sacramento. The City of Red Bluff is

also within this service area, and its industrial significance has

t.aken

area i
and Ca
course
Feathe]

tribut

bn added stature in recent years,

The source of the major water supply available to this

b the snow deposited upon the mountains of the Sierra Nevada
scade Ranges during winter months, The melting snow in the

of the season provides the water supplies of the Sacramento,
~, American, Mokelumne, and San Joaquin Rivers and other minor

aries. However, the largest part of the runoff occurs in the

11




winter, spring, and early summer monthg, and a relative!ls

amount occurs during late summer and eariy fall months .-

water is required for large irrigation demands. Shasta B

on the Sacramente River north of Redding, Lake Almanor on v
Feather River, and Folsom Reservoir on the American River ars the
largest of the artificial storage units that have been provided to
store winter and spring runoff in order that it may be available
ffor summer irrigation and for generation of hydroelectric power.
Water requirements in the Sacramente River-PDelta service
brea are of a number of different types, bubt the most important of
these is the irrigation requirement. Diversions {rom the Sacramento
River north of the City of JSacramentoin 1954, the year of maximum
diversions, amounted to approximately, 2,088 000 acre-feet during
the seven-month irrigation season from April through October.
fonsumptive use in the Sacramente-3an Jeoaquin Delta Lowlands from
April through October was estimated on the basis of a 1955 land

yse survey to be approximately 1,059,000 gcre-feet, Diversions

o the Delta Uplands in 1955 totaled about 385,000 acre-feet during
fhe same months. Neglecting the fact that one of the foregoing

dquantities 1s a consumptive use value and that the remainder are

g

ross diversions, the water utilization teotals approximately

LW}

, 53,000 acre~feet during the seven-month irrigation season,

o

lso, over 1,300,@00 acre-feet are presently being exported annu-
ally from the Delta through facilities of the Central Valley
Project and of the City of Vallejo. Of the foregoing quantities,
requirements for municipal and industrial use amount to in the

order of only one per cent of the tetals.

12
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Other recognized requirements for water in the Sa~  to

Rivepr-Delta service area are the substantial requirements f.: - . e

control necessary to prevent water in the channels of the V13

being degraded by salt water from Suisun Bay, requirements for

ration to allow barge traffic between Knights Landing and the

vicinity of Colusa, requirements for protection and propagation of

fish

life below the major reservoirs of the Central Valley Project

and requirements for power generation incidental to the other primary

water requirements,

13
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Il - MODIFIED NATURAL FLOWS

The first step in studies of the yields of assumcd

br rights along the Sacramento River and in the Delta was

estimation of modified natural flows at various points.

Modfified natural flows, as defined for use in these studies,

comprise flows that would have existed without diversions from

the

pai

Sacramento River but with historical impairment or with im-

rment at an assumed present level of diversions on tribu-

tarfies either to the Sacramento River or to channels of the

Delta. It was also defined to i1nclude those flows that would

havie existed without regulation by Shasta or Folsom Reservoirs.

Met

hods of Estimation

est

Col

Modified natural flows of the Sacramento River were
imated for points (1) at Shasta Dam, {(2) above the mouth of

usa Basin Drain near Knights Landing, taken as the point of

minfimum flow during the irrigation season, and {3) above the mouth

of

the American River, assumed to be a point of inflow to the Delta.

Addhi.tional modified natural flows available to the Delta were taken

to

be historical flows of all other Delta tributaries. A further

alllowance was included for return flow from diversions to the Delta

Upllands at the 1955 level. Also estimated were gquantities of modi-

fied natural flows of the Sacramentc River at Red Bluff,; Butte City,

Coljusa, Wilkins Slough, Knights Landing, and Verona, but these were

not| used in studies described hereinafter. Values of modified nat-

ural flows were estimated or taken from records for the period April

thrjough October of each year from 1924 through 1954.

15
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The months of Novem&@r through March were excluce.

the study period because suffieient flows were found to <.

during those months to satisfy all assumed local rights at .
Spcramento River and in the Delta except during critically .
viearse. Local water rights are defined as all rights other ti-
those of the United States and those of the State of Californ:. .
Estimations of modified natural flows at gaging staiiur.
apd at other points along thefSacraménto River were based upon
records of streamflow, diversions, and return flows maintained Ly
the United States Geological Survey and by the Department of Wz 2r
Resources and its predec&ssoré under the ZJacramento-San Joaguii:
Water Supervision activity. Historical streamflow quantities for
mpnths in which no actual records of flow were available were «.ti-
mpted by correlation with flows of the river and/or tributary f!ows
by standard methods, Next, the historical diversions as record-d
ip the reports of the Sacramento-San Jeoagquin Water Supervision «ere
ailded to the recorded or estimated historical streamflows. Th«»
the return flows tributary to the river above each of the point.
considered were estimated by application of return flow factors

t¢ the historical diversions within the appropriate reaches cf “he
river, Finally, such return flows were subtracted from histori :al

flows. Heturn flow factors were taken as the ratigs between av r-

age measured accretions to thé river, other than accretions frv =
nItural streamflows, and the corresponding average monthly di. . -
sions within the same month for the period from 1950 through 194,
He¢wever, for the dry years of)1924 and 1931 special return flow
factors were conmputed to reflect conditions under deficient ws’ r

supplies in those seasons.




The second adjustment to measured or estimated his’ .“i-
cal fllows of the Sacramento River at the aforesaid points inv ad
an adjustment for the operation of Shasta Reservoir. This ailjust=
ment was made for the years 1943 through 1954. The amounts of in-
crease or decrease in flow were estimated on the basis of the his-
toriclal monthly changes in Shasta Reservoir storage as corrected
for evaporation and precipitation., These data were obtained from
the mpnthly reports of operation for Shasta Reservoir as published
by the United States Bureau of Reclamation.

The final adjustment to measured or estimated historical
flows| of the Sacramento River was to reflect the effect of the 1954
level| of diversions in the Feather and Yuba River service areas and
in the Butte Creek, Butte Slough and Sutter By-Pass areas. Flows
that historically entered the Sacramento River through the Butte
Slough outflow gates, in Sacramento Slough and in the Feather River
at Nirolaus were adjusted for the differences between historical
and 1954 net diversions, to the extent that historical flows were
available to meet such differences. Net diversions were taken as
the differences between gross diversions and estimated return flows

therefrom. Return flow estimates were based upon return flow fac-

tors which were computed by a method similar to that described for
the Sacramento River,

Modified natural flows of the American River and other
tributaries to the Delta were taken as historical flows of those
tributaries. Changes in utilization of waters of those tribu-
tarieg during the study period from 1924 through 1954 has affected

water |supplies available to the Delta to some extent. However,

17




the amounts are relatively small, and are believed to - “e2pligible

for purposes of the present studies as compared to magn  .i=23 of

Ty

modified natural flows of the Sacramento River and to possible

Errors in estimation of such natural flows.

Tables in Volume IT indicate estimated quantities of modi-

Fied natural flows of the Sacramento River at Shasta Dam, at a point

@bove the mouth of Colusa Basin Drain, and at a point above the mouth
¢f the American River, as well gs historical flows of the American

River at Sacramento and of other Delta tributaries., This information

qovers the months of April through October from 1924 through 1954,

=1

hese quantities indicate amounts of water that were initially avail-

gble to meet assumed diversion rights,

18




III - ASSUMED WATER RIGHTS

For purposes of the studies described hereinafter, it

was necessary to make assumptions as to the water rights of
diverlers along the Sacramento River and in the Delta. These
assumptions pertained to the extent of so-called physically ri-
parian lands, to the extent of appropriative water rights initi-
ated bpoth before and after the Water Commission Act of 1914, and

to the| extent of lands with a historical water use but not phys-
icallyl riparian and having no apparent claim of water right by
virtue| of a formal filing with the State., In addition, salinity
controll requirements and water right status thereof were assumed,

It is frecognized that the assumed rights may differ from rights

that wpuld be determined by the courts through legal processes.,

For thjis reason, it is to be emphasized that no claim is made by

the parties to the 1956 Cooperative Study Program that these assump-
tions gefine the relative water rights involved. Nevertheless, it
is belfieved essential that estimates of these rights be made in
order khat approximations may be developed of the extent to which
such rights may be satisfied from the modified natural flows avail=-
able,
Information in this chapter is discussed under the head-
ings "Physically Riparian Lands," "Appropriative Water.Rights,"
"Overlphp between Physically Riparian Lands and Places of Use under

Appropriative Rights," "Other Water Rights," and "Salinity Control."

19




Phlysically Riparian Lands

Dzcisions of the courts in California, includirs o

copfirming the 1928 constituticonal amendment, have consiscerly

!
;! upheld the right of owners of riparian land to divert from the
| adljacent streams those quantities of water reascnably reqguired on
suph lands., Along the Sacramento River these riparian rights under
Sthte law are believed to be prior to any rights acquired by reason
of | appropriation.
Estimates of the extent of physically riparian land along
the¢ Sacramentc River between Redding and Sacramento wesre based upon
extensive work by the Bureau <f Reciamation which began about 1950,
This work consisted of contracting with title companies for title
reports on each parcel of land believed to be physically riparian
to|the Sacramento River. These reports indicated the smallest
patcels of land abutting the river thaf have been in continusus
cwnjership since the date of patent, thereby meeting the require-
ments for riparian status. Upon receipt of the title reports, the

Burteau of Reclamation delineated the boundaries of suck smallest

cortiguous parcels on maps, using aerial photographs to assist in
pldtting. The boundaries of the physically riparian parcels were
then projected upon maps showing the extent of irrigation systems
in lexistence at the time of study and showing the lands within the
boundaries that were considered to be irrigable.

The feregoing work by the Bureau of Heclamation was spot=-
chelcked under the 1956 Cooperative Study Program to confirm the

i vallfidity of the methods used and the accuracy of the computations.
i This examination indicated that the basic etudies had bzen care-

| fully performed, and they were taken as acceptable for use in the

| 20




cooperative studies. Plate 2, entitled "Assumed Physically
Ripaprian Lands and Boundaries of Major Entities North of
gacramento", indicates the backline of physically riparian land=
along the Sacramento River between Redding and Sacramento, as
determined by the method described heretofore.

The aforesaid determination indicated that there are
appréximately 169,000 acres of physically riparian land along the
Sacramento River between Redding and Sacramento, of which approxi-
mately 110,000 acres are either under existing water distribution
systems or are irrigable areas not now served with water. Water
requirements of these lands were estimated by assuming that 85 per
cent lof the irrigable area will Ee irrigated in any one year with
a unit duty of one second-foot per 70 acres. This is equivalent
to al|diversion demand of approximately 82,000 acre-feet or 1,335
second~feet in the month of maximum demand.

It was assumed that all of the Delta Lowlands are
ripanian to channels of the Delta. The boundaries of this area
are ghown on Plate 3, gntitled "Boundaries of Major Entities in
and Jubdivisions of Sacramento-San Joaquin Delta". Furthermore,
in cqgrtain studies described hereinafter, it was assumed that such
landg are riparian with respect to waters of the Sacramento River
and tio other tributary streams of the Delta. No search of indi~
vidugl title reccords, such as that described for the Sacramento

Riven north of Sacramento, were made for this Delta Lewlands areas

The boundary of the Delta Lowlands is the same as that shown on

i Plate 3 in the report entitled "Sacramento River and Sacramento-
| San Jpaquin Delta Trial Water Distribution 1955 Summary Report of

Data,[' dated January 1956, The gross area of the Delta Lowlands

21




is| approximately 469,000 acres, of which 386,000 acres wers

fipld as agricultural in a land use survey made by the Sta: -

Wafer requirements for this area were estimated on the basi

arpas of land use given in Table 18 of the aforesaid report i
unfit consumptive use of water factors given in Table 20 of ths.
report. Total amounts of consumptive use computed in that manne:
were reduced to account for the estimated portion of the total coi -
sumptive use that may be supplied by precipitation to determine the
net demand upon Delta channels. These estimates considered both
precipitation during the month in question and that carried over
as|soil moisture from earlier precipitation. The net consumpti -e
use in the Delta Lowlands in the months of maximum demand was esti-
mated to be 241,000 acre-feet or an average of 3,919 second-fee-

In the determination of physically riparian lands along
thg Sacramento River above Sacramento and in the Delta Lowlands |

no [study was made of the possible modification of the rights of
sug¢h lands by reason of adverse use developing into a prescript e
right. It is believed that such studies would be in the nature N

Judicial determinations and are, therefore, beyond the scope of .n

engineering study of the type described in this report.

Table 1 of Appendix D summarizes the water requirement s of
asgqumed physically riparian lands north of Sacramento and in the
Dellta Lowlands. It includes estimates of water requirements of
rigarian land within the service areas of major entities above
Sagramento, the boundaries of which are among those delineated

on [Plate 2,
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Appropriative water rights considered in the 1956
tive Study Program include those initiated by posting
se initiated by filing pursuant to the Water Commission
1914.

Information on appropriations initiated prior to
r 19, 1914, the effective date of the Water Commission
re taken from various sources including the factual
by the Bureau of Reclamation, covering the Sacramento
ervice Area Investigations, and Bulletin No. 21 of the
ivision of Water Resources entitled, "Report on Irrigation
ts in California"™ published in 1929. The right of

n-Cottonwood Irrigation District was assumed to be 400

feet as indicated in a certificate issued by the Water

ion which confirmed their 1914 posting. The amount of
ropriative right for Glenn-Colusa and Jacinto Irrigation
ts was assumed to be 2,400 second-feet or the capacity of
n canal,

In studies of the rights of individual water users

ed in the next chapter, pre-l191ik posting information was

tained for several of the major diverters in the Delta

. The assumed amounts of vested rights under these post-
re taken as the maximum historical monthly average diver-
hereunder.

Appropriations initiated under the Water Commission

1914 were evaluated from the information given in the

tion, permit, or license on file with the State Water Rights

23




Bédard. The assumed amounts of such rights were taken as .+  ce
vqlues given in those documents without modific¢ation for . . .ce
off development or for loss of right by reason of non-use. #aor ica-

tions for water rights were considered and tabulated if the duate

off application was December 31, 19%4, or earlier. The values of

Sflate Department of Finance filings made in 1927 and subsequently,
including those assigned to the United States, were also taken
frjom the files of the State Water Rights Eoard.

Appropriative rights in the Delta Uplands were not
sfudied in detail for the first two series of studies described
i the folliowing chapter. By inspection of records of diversions
in the Delta Uplands in 1955, it was found that approximately

7Q percent of such diversions were made under appropriations
antedating the State filings of 1927. It was alsc found that

thie remaining portion,or approximately 30 percent of the 1955
dijversions, were made under water right applications subsequent
tol 1938, the date of the second group of State filings assigned
tol the United States for the Central Valley Projiect., In later

stpdies of individual water users in the Delta Uplands, applica-

tipn, permit; and license data were taken as the bases for
appropriative water rights initiated subsequent to 1914,

Table 2 of Appendix I} presents assumed values of
vepted appropriative rights under postings and Table 3 of that
appendix presents a chrenological tabulation of the assumed
appropriative water rights initiated between 1914 and 1954.

Thpse tables show the names of only those major appropriators

asbumed to have pre-1927 water rights which were studied

2l
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idually as described in the next chapter. The present ho' ! .
her applications, permits, or licenses were not determiv.o:
bundaries of the properties and districts to which the ma:
D27 appropriative water rights pertain are among those 1nd. .
ate 2. Table 5 of Appendix D presents information on the

1s State filings considered in this report,
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As indicated on Plate 2, the boundaries of certain of the
Les that have claimed appropriative water rights overlap the
cally riparian lands also shown on that plate. Therefore it
pcessary to eliminate the duplication of coverage by appro-
ive water right service areas and physically riparian lands.

The Bureau of Reclamation had made a study of the extent

u

e overlap between lands covered by these two different cate-
5 of water rights. This study involved plotting the respective
on a set of maps similar to the maps shown as Plate 2 of this
L, but at a larger scale. The determinations of the extent of
hp were checked in the 1956 Cooperative Study Program to deter-
Lhe reasonableness of the method of derivation and the accuracy
bt work.
Water requirements for the overlap areas were estimated
suming that such areas would retain the same duties of water
pcified in the applications, permits, or licenses covering
reas. The overlap allowance was then deducted from the total
hnce for the area covered by the appropriation.

Table 3 of Appendix D also presents the estimated require-
for overlap areas, and the net assumed appropriative water

entitlements after correction for overlap. These assumed net
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rights total 412,000 acre-feet or an average cf 6,700 second-feet.

during the month of maximum demand,

Other Water Rights

It has been mentioned heretofore that records of water
use on lands along the Sacramento River between Redding and
Bacramento indicate that there are parcels of land which are not
covered by assumed riparian or appropriative rights but which,
ntevertheless, have been irrigated from the river over long periods
pf time and were irrigated in 1954. Whatever vhe basis or claim
pf right may be for these lands, it was assumed in the 1956
fooperative Study Program that such lands do have a right to divert
water. Further, it was assumed that such rights have a priority
{0 accordance with the approximate date on which the use of water
was initiated as shown by the historical records. The work of

determining such "other" rights was originally done by the Bureau

fa

f Reclamation and was checked in the cooperative studies,

Table 4 of Appendix D indicates the quantities of assumed

other" water rights along the Sacramento River between Redding

[

nd Sacramento. These assumed rights total 16,780 acre-feet or

an average of 273 second=feet during the month of maximum demand.

9]

alinity Control

It has been indicated heretofore that use of water with-

[

n the Delta Uplands and Lowlands and diversion of water from the
Delta through facilities of the Central Valley Project and diver-
spon works of the City of Vallejo require salinity control in
order to prevent harmful degradation of the quality of water in

Delta channels. Under natural conditions such salinity control
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bably provided in most years by surplus outflow of fresh
rom the large tidal swamp which then comprised the area
confluence of the Sacramento and San Joaquin Rivers, which
call the Delta, Gradually, as reclamation of the Delta
elopment of the use of water took place upstream, the amount
r available for natural salinity control decreased until in
931, and other dry years, the encroachment of saline waters
serious proportions. During the late summers of those
rrigation in a large part of the Delta was made impossible
degree of concentration of salinity in the waters of the

Se

One of the functions of the Central Valley Project is

late surplus runoff from the Sacramento and American Rivers

o provide sufficient outflow from the Delta to repel salinity.
ctual operation of Shasta Reservoir commenced in 1944, in-

of sea water to the extent that took place in the former

f uncontrolled runoff has been largely prevented. However,
recent years concentrations of chlorides have exceeded
arts per million in the channels adjoining some of the
most Delta islands and have, therefore, exceeded the stand-
t was adopted by the State as a minimum for use of the
or agricultural and other purposes.

Bulletin No. 27 of the State Division of Water Resources

d "Variation and Control of Salinity in Sacramento-=San Joaquin
nd Upper San Francisco Bay" and published in 1931, presented
ysis of the historical records of saline water incursion and
nded that salinity control outflows from the Delta be main-
It

at a minimum constant flow value of 3,300 second=feet.,
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wds estimated in that bulletin that such outflows would pis-

cursion of chloride ion concentrations of 1,000 parts per
bayond points in the San Jeaquin and Sacramento Rivers appi .. 7]

silk-tenths of & mile west of Antioch.

In certain of the studies described in this report, *t.

aspumption was made that salinity control flows of 3,300 second i of ]

hagl, in effect, a status as a riparian water right associated wi-n
thé assumed riparian rights of the Delta Lowlands since such salinity?
coptrol outflows would be required te make such riparian diversions
pogsible. However, there is some question as to the economic wvnlue
of |providing a full 3,300 second-feet outflow for salinity control,
whilch would be required to protect diverters in the westernmost

parit of the Delta., It has been suggested by some investigators

thﬁt the amount of water allowed to waste to Suisun Bay for control
of palinity should be reduced below the amount of 3,300 second-fset
and| that direct overland service of fresh water be provided to

thoge westernmost areas that would be unable to divert directly

fro? the channels with such lesser amounts of salinity control.
Therefore, certain of the studies described in this report were
basgd upon the assumption that salinity control flows having a
ripgrian water right status would be 2,000 second-feet instead of
é 3,300 second-feet., 1In addition one of the cooperative studies was
E basad upon the assumption that salinity control requirements of
3,300 second-feet would have a water right priority subsequent

to 1954, following the priority dates of all appropriative rights
assumed for the studies. This assumption was made for illustra-

tive| purposes only.




IV -~ YIELDS OF ASSUMED WATER RIGHTS

On the basis of estimated modified natural flows and
assumed water rights described in the preceding chapters, esti-
mates ([were made of the yields of assumed water rights under
severdl combinations of assumptions. Three different general
groupg of studies were made in this connection., The so-called
"A" and "B"™ Series of studies considered large groups of local
water |right claimants separated by the priority dates in 1927

and 1938 pertaining to the State filings which were assigned to
the Unpited States for construction of the Central Valley Project.
In thgse series, the yields of assumed local rights and of the
1927 and 1938 filings assigned to the United States were esti-
mated In addition, one study under each series produced
estimates of yields of those State filings still retained under
the jyrisdiction of the State Department of Water Resources.

The "{" Series of studies considered the yieldsof individual
major |appropriative water right claims of 25 major entities along
the Sgcramento River above Sacramento and in the Delta Uplands,
as well as the yield of assumed riparian rights of the Delta Low-
lands|and of other water users as a group. As indicated hereto-
fore,|assumptions as to the amounts and water right status of
requirements for salinity control were made for the various studies.
The general procedure for making these studies involved
deducting gross diversions from amounts of modified natural flows

available in various reaches and crediting amounts of return
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lows from such diversions to permit additional uze of wai =

urther details with respect to each of the studies is pr

=

in the following sections pertaining specifically to sach -

study series,

TA" Series

For purposes of the WA"™ Series of studies, assumed
wpter rignts were divided into five groups in order of pricrity
ag follows: (1) riparian and pre-1927 appropriative and other

rights of iocal water users, (2] 1927 State filings, {2} appro-

priative and other rights of local water users with priority
bptween 1927 and 1938, {4} 1938 State filings, and (5] post-1938
appropriative and other rights of local water users. These water
rights were further subdivided geographically into two reaches
apove Sacramento, namely, Redding to Knights Landing and Knights
Landing te Sacramento. The pre-1G27 rights assumed for the Delta
Lawlénds and Delta Uplands were taken as one geographical group.
The general procedure for determining yields which was

fpllowed in each study of the "A" Series involved ths assumption

<

nat local water rights within eack priority group would be satis-
fied in geographical order proceeding downstream from Redding.
V& Mpdified natural flows in the reach Redding te Knights Landing were

agsumed to be available first for satisfaction of all rights of

the first priority group within that reach. Return flows from

Lversions under such rights were estimated by using return flow

d
factors previously described in the chapter on modified natural
flows., Such return flows were assumed to bs available for one
1

evel of rediversion if needed to meet the rights of the first
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brity group. Return flows from such rediversions were acos.i

be unavailable for further diversions 1n the reach. It

i eved that such return flows would occur in a manner tha+v wo

b a second rediversion in the same reach impracticable. The

sum| of any modified natural flows remaining after the aforesaid
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ersions and return flows from upstream diversions was assumed
be available to satisfy water rights of the first priority

1P iﬁ the second reach between Knights Landing and Sacramento.
extent of satisfaction of the assumed water rights for the
bnd reach was then determined in the same manner as .in the

5t reach, Finally, the assumed water rights of the first pri-
Ly group in the Delta; including the requirements for salinity
Lrol at 3,300 second-feet, were assumed to be satisfied to the
ent possible from any residual modified natural flows and from
irn flows from diversions in the upper reaches,

Yields of assumed water rights in the second priority
Lup, the 1927 State filings, were estimated next. They were

bn as being satisfied to the extent possible from any water
llable after satisfaction of all assumed water rights in the
5t priority group. At this point, the differences between the
pbe studies of the "AM" series are to be found in part. For

iy A-1, only the 1927 State filings on the Sacramento River at
sta Dam; which were assigned to the United States, were con-
ered. For that study, the portion of the demand under those
ings for diversion into the Delta-Mendota Canal was assumed
comprise a constant diversion rate in all months studied,

unting to 4,600 second-feet.
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Study A-2 was the same as Study A-1, except that the
diversions from the Delta into the Dalta-Mendota Canal under 1927
State filings were assumed to follow an irrigation demand schedule
with a peak in July and with lesser amounts in other months instead
of the constant rate of demand assumed for Study A-l. Study A-2
(Modified) differed from the other two studies of the "A" Series in
that assumed amounts of 1927 State filings on the Feather, Yuba,
Bear; American, Middle Fork of the Stanislaus, and San Joagquin
Rivers, in addition to State filings of 1927 priority at Shasta

Dam assigned to the United States, were assumed to be a demand

ipon waters remaining in those streams after satisfaction of assumed
pbre-1927 rights of local water users. This had the effect of reduc-
Ing quantities of water available %o the Bureau of Reclamation.

In all of the studies described pertaining to computation
¢f the yields of water rights of the cecond or 1927 priority group,
1t was assumed that direct diversiocn rights would be satisfied first
dnd that storage rights would be satisfied second. In Study A-2
Modified) assumed State filings on the Stanislaus and San Joaquin
Rivers were taken as being satisfied before any other 1927 rights.
To the extent that flows were available at or near points referred
%o in those filings, historical Flows of the San Joaquin River at
VYernalis were reduced to mest the filing quantities. The portions
gf such reductions that in turn would increase deficiencies in
yields of pre-1927 Delta rights were made up from surplus waters

df the Sacramento River and its tributaries in the Sacramento Valley.

=

emaining waters available for State filings on the Sacramento,

rxj

eather, Yuba, Bear, and American Rivers were assumed to be used




to satisfy those filings in proportion to historical flows at. tio
points|referred to in the filings. 1934 State filings on the
American River were considered along with 1927 filings because
there yere no assumed local rights having priorities between those
years.
Yields of assumed appropriative and other water rights

of local water users in the third group, having priorities between
1927 and 1938, were estimated next. They were taken as being sat-
isfied [insofar as possible from water still available after satis-
faction of the pre-1927 water rights of local water users and 1927
State ffilings. The procedure was the same as that followed in
determining yields of assumed pre-1927 water rights, in which as-
sumed 1ights were satisfied in geographical order beginning with
.the highest reach on the river, proceeding downstream, and utiliz-
ing retjurn flows.

Following this, yields of assumed water rights in the
fourth [priority group, the 1938 State filings were determined.,

The 1938 State filings in the Delta were considerably larger than
the capacities of diversion works of the Central Valley Project.
Consequlently those filings were assumed to be utilized only to the
extent necessary to complete the satisfaction of demands for the
Delta-Mendota and Contra Costa Canals not met under the assumed
1927-priiority rights at Shasta Dam.

As in the case of the assumed 1927-priority State filings,
there are differences in assumptions as to amounts of the 1938
filings| as among the three studies of the "A" Series. In Study

A-2, ampunts of water required to make up the differences between

33




Jeita-Mendota Canal diversions under an irrigation demarn.:
diversions at a constant rate of 4,600 second-feet were

ffiows available in the Delta. This caused yields of zss .
rights of the United States tc be larger under Study A-2 ti-
Jtudy A-l. 1In addition, undeir the 1938 State filings assipgr: -
the United States, it was assumed for Studies A-2 and A-2 (Mcd?"vd)i

Yhat the demand for municipal and industrial purposes would G&-

]

,000- second-feet instead of the figure of 100 second-feet agsurad

[

or Study A-1. The basis for the 1,000 second-foot value is

o=

pplicaticn No. 9363 listed in Table % of Appendix D.

The final step of the "A" Series studies was to dete. . ine

ot

he yields of the fifth group, assumed local rights having pos* -

i

038 priorities. These local wat

[\]

r rights were assumed to bs . -

"."n

sfied by waters remaining after satisfaction of 1938 State fi!l:ngs
in gecgraphical order starting with the highest reach on the 1r..sar,

roceeding downstream, and utilizing return fiows.

o

Tables 1 through 12 present asverage mouthly valueg n*
yiields of assumed rights of local water users and of the Burea..

of Reclamation under the "A" Series for the years 1924 through
1654. Those tables also show assumed water rights for the res..a-
tive studies tc permit ready comparison with corresponding vaii s
of average yield. Included in Volume II are tables shewing the
eptimated yields of the various water right priority groups fo.
epch menth of the 3l-year pericd from 1924 through 1954, Pla: Iy
eptitled "Assumed Water Rights, Yields, and Supplemental Water
Rpquirements 1924-1954 Under Study A-2" includes a graphical +eore-

spntation of the yields of the assumed rights of all local wa:

upers, those of the Bureau of Reclamation, and that for sali-.

control,
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The computatiocn procedures to estimate water right ,
under|the "B" Series were similar to those described for the "4 -
Serie$ with one principal exception. In the "B" Series all of the
assumgd riparian rights, both above Sacramento and in the Delta
Lowlands, and the salinity control requirement, when it was assumed
to have a riparian water right status, were taken as being satis=-
fied bBefore any appropriative water rights, After such riparian
rightg were satisfied to the extent of available water supplies,
the rgmaining flows at points along the Sacramento River and in

the Dglta were assumed to be available to satisfy appropriative
water [rights. Yields of assumed appropriative rights of local water
users (within each priority group were estimated by assuming that
rightg in the uppermost reach of the river between Redding and
Knighys Landing would be satisfied first, followed in succession

by rights in the reach between Knights Landing and Sacramento and
by rights in the Delta Uplands. Return flows from diversions with-
in eagh reach were treated in the same manner as that described for
the "A"™ Series of studies in order to compute the total amount of
water |available for diversion in each reach.

For Studies B-1, B-2, and B-2 (Modified), the water right
assumptions and computation procedures pertaining to rights under
State [filings assigned to the United States and State filings remain-
ing unassigned were the same as assumptions for the three studies
of thel "A" Series, respectively. Water right assumptions for Study
B-3 folllowed assumptions for Study B-2 with the exception that

salinity control outflows from the Delta assumed to have a riparian
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water right status wera taken at 2

3,300

those

second=Teet, Assumptions for Study B-4 ware tho o

for Study B-2 except that =

o, e
Ihen

salinitcy control TeqQu L rems

of 3,300 second-feat was assumed to have a4 water right priority
subsequent to 105} following all appropriative rights considered
in the studies. As indicated teretofore, this assumption was
made for illustrative purposes only,

Average monthly values of water-right vields for the

period 1S2L through 1954 for the studies of the "HE" Series are

also summarized in Tables | through 12 of this report, Included

in Volume II are tables showing the yielids of the various water right

groups for each month of the 3

brud

Yeyear period

Plates 5,
Yields, and Supplemental Water Requirements

Eraphically the yields of the various water

6, and 7. under the general titie ®

1924 tnrough 1954,
Assumed Water Rights,
192hm1954”3 show

rights groups under

pudies B-2, B-3, and B=4, respectiveliy.

Comparison of Average Yields of Water Rights Under "A™ and "Rt Series

The studies of the "A™ and "gBw ceries demonstrate the range

pf' yields that resuit from those variations of water rightg assump-

tions used in the studies. 4s indicated heretofore, comparisons

¢of the yields are presented in Tables 1 through 12. Such compari-

$ons are alsc shown graphicaily on Plate 8, entitled "31-Year
D 5

Average Yields of Assumed Rights of Bureau of Reclamation and Local

=

fater Users™. Plate §, entitled "31-Year Average Difference or
Deficiencies Between the Yields of All Assumed Rights and the 1954
Bevel of Diversions and Supplemental Water Requirements by Local

Water Users", presants aiaggrammatically a comparison of information
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pertaining to assumed water rights and yields thereof 1+ -
Hf the "A"™ and "B" Series,

4 number of conclusions may be drawn from the

hf the various studies of the "A"™ and "B" Series presern’.:

nforesaid tables and plates. Some of the more important i

ronclusions are as follows:

l. The total-irrigation~season yields of the assuw
Delta Lowlands rights are greater in the "B" S¢: es
than in the "A" Series because in the "B" Serie.
those rights are generally satisfied before an.
appropriative water rights. Conversely, yiela:
of assumed rights along the Sacramento River
above Sacramento are greater in the "A" Seriec
than in the "B" Series.

2. The yields of all assumed local water rights ¢ r
the first three studies of the "A" Series do
differ greatly because of the large percentage
such local water rights assumed to have a pre- 7
water right status and because variations in a: : mp-
tions affected only water rights of 1927 and .. r
priorities, The same is true of the first thr.
studies of the "B" Series.

3. The yields of assumed 1927-38 and post-1938 r » s
of local water users are small in the months - :
July through October,

4. The total yields of assumed rights of the Unii-

States under Studies A-2 and B-2 are greater ::
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yieide under Ztudies A-L and B-lL, respecti. v
because graatsr waser demands for municips - d
industrial purposes under the 1928 State f....gs
ware assumed i Studies A-2 and B-2.

I3

The total yields 27 assumed water rights of the
United States ars jower under Studies 3-2 (Modified)
and B-2 (Modif:ied? than under A-2 and B-Z, respec-

tively, because poritions of the available water

supplies after mazisfaction of the assumed pre-1927

rights are reguirsa te supply the assumsd values

of unassigned Scate iliags.

The total wieids o assumed rights for both local
water users and zhe United States ars grsater in

Stuay B-3 than in 3tudy B-2, both of which are based

L]

largely on the same water right assumptions, because

in 3tudy B-3 salirnity control requirements having a

instead of 3,300 second-feet, thereby increasing
amounts of watsr availiable for appropriators.
Similarly, the total yvields of assumed rights of
local water uszsers and of the United States are
greater in Studyv F-4 tharn in the Study B=3 because
of' the assumption for Study B-4 that all salinity

control requiremsnts have a late priority status.
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As previously discussed, the "A" and "B" Series coy
red only broad priority groups which were separated by the
5 1n 1927 and 1938 when State filings were made which were
r assigned in part to the United States. An essential
ftive of the 1956 Cooperative Study Program is the deriva-
of methods of allocation of responsibility for purchase of

temental water among the individual water users so that each

might pay for the water required to firm up the estimated yield

of his right. Studies of the "C" Series were designed specifically

to provide parameter values for use in allocating responsibility

for gupplemental water,

The "C" Series produced estimates of the yields of

assuned water rights of the Delta Lowlands and of assumed ripar-

ian gnd appropriative water rights of 26 major water diverters

along the Sacramento River above Sacramento and in the Delta

Uplarlds, The 26 water diverters were selected on the basis of

their having large assumed riparian or appropriative water rights

of prje-1927 priority. One of these entities was assumed to base

1ts water right claim entirely upon its riparian status and the

remaining 25 were assumed to base their claims upon appropriation

alone| or upon appropriation plus possession of riparian land.

Studiles of the "C" Series also determined the collective yvields

of walter rights of other water users not considered individually.

upon

Two "G" Series studies were made. Study C-1 was based

the first phase of Study B~1 up to the point of determining

the ylield of assumed riparian rights, and Study C-2 was similarly
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based upon the first phase of Study B~i4. Each of these 0% 1 asg
studies then involved estimation of the yields of the

hppropriative rights of each of the 25 major water dive: Lo o ..
prder of priority regardless of lecation along the Sacramento River
br in the Delta Uplands.

The method involved first the ﬁabulation of net require-
ments of assumed appropriative water rights with consideration
being given to the appropriate return flow factor for the reach

Lo which the apprepriation applied. All assumed net appropriative
rights were then arranged in order of decreasing priority. The
bxtent to which water remaining at various points along the river
and in the Delta after satisfaction of riparizn rights cculd satis-
'y assumed appropriative rights was determined for each month by
reference to this tabulation. If there was water available in a
biven month after satisfaction of all pre-1927 appropriative rights,
the remainder was assumed to be availabtle to satisfy the assumed
rights of the United States under the water right assumptions of
Lhe corresponding "B"™ Series studies., Similarly if water remained
hfter satisfaction of 1927 State filings assigned to the United
btates, the remainder was distributed among local rights of 1927

Lo 1938 priority, 1938 State filings, or post-1938 local water
rights, depending upon the amount of water available.

Tables 13 and 1k indicate the estimated average monthly
yvater-right yields during the study period 1924 through 1954 for
bach of the 26 major water users and for the Delta Lowlands. The
Labulatiors indicate the yields of assumed riparian rights of each
bf the 26 major water users as well as vields of their appropriative
rights.
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Comparison of Tables 13 and 14 indicates that o

elds for the local water users result from the assumpti

linity control requirements have a late priority status

udy C-2, than if such requirements are assumed to have &

ter right status, as in Study C-1.
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V - DEFICIENCIES AND SUPPLEMENTAL WATER REQUIREMENTS

In order to evaluate the amount of water required
al water users along the Sacramento River and in the Del.o i .a
rage facilities of the Central Valley Project, from other st.r-
facilities, or from importation it is desirable to determine
deficiencies in yields of assumed water rights from available
ws and amounts of supplemental water required in order to per-
a given level of diversions. '"Deficiencies!" are defined for
poses of this report as the differences between the individual
collective yields of assumed local water rights and the face
ues of such rights or a given level of water utilization. For
t studies, the 1954 level of diversion along the Sacramento
er, and the 1955 level of water utilization in the Sacramerto-
Joaquin Delta for purposes other than salinity control were
ected for determination of deficiencies. Those levels of water
lization were chosen because they are the maximum historical
els. In negotiation of an agreement the water users may wish
choose a different level of diverions from the 1954 and 1G35
els. The effects of such different diversion levels may be
imated on the basis of values given in this report.
The term "supplemental water requirement'" is define-l

purposes of this report as the actual release of water required
m reservoirs of the Central Valley Project or from any other
ervoirs or sources in order to overcome the aforesaid deficien=

S. Supplemental water requirements are less than correspcnding
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deTiciencies by the amount of s2turn flow availablie £rovc vods 2rsion,
Estimates of supplemental water vequirements also perii . . -he
1954 level of diversions along ihe 3Bacramento River and t. t.e 1955

level of water utilization in the Delta.

Deficiencies

Deficiencies for the "AY and "B Series were taken as the
differences between the yields ¢f assumed water rights and the 195y,
level of diversion along the Sacramente River or the 1955 level of
water utilization in the Delta. Values of those levels of diver-
sion and water utilization are given in Table & of Appendix D.

The aforesaid differences were determined for each of the three
priority groups of local water mights as divided by the years 1927
and 1938, Total deficisncics were computed by adding together

the deficiencies for all of the priority groups.

Deficiencies wers 3lcn €stimaved for the various sub-
divisions of water rights considered in the wCrv Series. These
deficiencies were not based upon the i954 or other recent level

of diversions but werse assumed ©o be

v

tne differences between the
vields of the individual or ca? ‘lective water rights considered

and the full face value of thes spective rights. This assump-

[
*3
( D

Lion was necessary because the pattern of individual diversions
Faries considerably from vear 1o year making application of the
1954 level of divers:ions by each water diverter unrealistic over
# long pericd of years. Therefore deficiencies determined for
the "C" Series were used onily for the purpose of computing
possible parameters for allscation o requirements for supple~

mental water as determined for the "AYW gnd wgr Series,
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Tables 15 through 19 present estimates of averar: .

lencies in yield of assumed lscal water rights as deteri i

e "AM™ and "B" Series. Tables 20 and 21 present the esti:.

pf'iciencies for the "C" Series.

Comparison of the average deficiencies in yields o1

lghts of local water users; as shown by the results of the

irious studies of the "AM™ and "B" Series, reveals that as the

ssumptions vary so as to increase the yields of the local water

jghts the deficiencies decrease and vice versa. Similarly in

e "C" Series, the individual water rights are satisfied to a
reater extent and the deficiencies are less in the C=2 Study
lan in the C-1 Study because the C=2 Study is based upon the
ssumption that all salinity control requirements have a late

Fiority status.

Supplemental Water Requirements

th
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Supplemental water requirements were estimated for btoth
pe "A" and "B" Series on the basis of the deficiencies described
W the preceding section. Such requirements were estimated by
tducing the deficiencies to allow for reuse of return flows.
eturn fiows were based upon application of return flow factors
reviously discussed.

Tables 22 through 26 indicate the estimated supplemental
ter requirements under the "A"™ and "B" Series. These are

rerage monthly values for the period of study from 1924 through
P54 based upon the 1954 level of diversion along the Sacramento

lver and the 1955 ievel of water utiligzation in the Delta.
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No supplemental water requirement estimates were i °
pnder the "C" Series for reasons previously discussed ic - . : ion
with deficiencies. Supplemental water requirements for indi - ‘. al

water users were estimated from the results of the "A" and 1'h

Lo

beries by application of allocation parameter values based upon
results of the "C" Series. These allocation studies are described

in the next chapter,
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VI - ALLOCATION STUDIES

As indicated heretofore, various water right assump=
tionpg were made in this report for study purposes. It has also
been|indicated that the quantities of such rights as they might
be determined by a court of law could differ substantially from
the yalues presented in this report. Some of the reasons for
thes¢ differences could could be consideration of diligence in
the development of beneficial use under the various appropriative
water right applications, the loss of appropriative rights by
non-yse, the actual extent of lands having a riparian right upon
waters of the Sacramento River both above Sacramento and in the
Delta, the effect of prescription upon the various water rights
assufed, and the status of water requirements for salinity con-
trol|with relation to other water rights along the river and in
the Belta. These factors suggest the possible wide range in
amourjts of supplemental water supplies that each water user might
be cqnsidered to be responsible for in view of the yield of his
waten rights and the level of diverion which he might wish to
mainffain,

The foregoing consideration indicated to the cooperative
engineering group the desirability of developing formulae for de-
termining (1) the amount of supplemental water that the water users
as a |group should acquire and (2) the manner in which this obliw
gatign should be distributed among the individual water users.

Because of the uncertainties as to the specific water rights
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invoived, it is believed that the only practicable methad o7
accomplishing those objecstives is by compromise based up - =+ i=
mated requirements for supplemental water such as those 1ud:«..ced
by studies in this report. The studies described in the proeceding
sections are believed to present a reasonable range of assumptions
with relaticn to the extent of water rights under State filings
and to the water right status of salinity control requirements.
As previously indicated no attempt has been made to evaluate the
effects of diligence or loss of right by nonuse or prescription.
This course was taken because (1} it was believed that such
matters are primarily of a legal and judicial nature beyond the
scope of an engineering study and {2} the conceivable combination
of assumptions related to those mathters was so great as to be
impracticable within the limitations of time and personnel avail-
able for the 1956 Cooperative Study Program.

This section prssents some of the pessible ways by
which the deficiencies in yields of assumed individual and collec-
tivs rights, as estimated in the %C" Series, might be used to
ailiocate among the diverters the overall obligations of the water
users for purchase of suppliemental water, as derived by the "AY
and "B" Series. Possible means of allccation and examples of
such allocations of responsibility for supplemental water require-
ments for irrigation and municipal purposes are discussed separate-
ly from possible allocations of the responsibility for salinity

control,
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Alleocation of Hesponsibility for Supplemental Water Hequ.i roi, |
for ITrrigation and Municipal Purposes

The following discussion pertains to the avera:

tion of responsibility for supplemental irrigation and muvao .ol
water requirements based upon the historical water supply condi-
Lions that prevailed during the months of April through Qctober

in the years 1924 through 1954, These quantities give an indica-
cion of the average allocation that might apply over a long period
bf years under conditions of water utilization approximating those
in 1954 and 1955

The allocation procedure involved multiplying the total
indicated regquirements for supplemental water for all local water
&sers vy parameter values comprising ratios between the individual

deficiencies and the total deficiency of all water users under the

1C" Series. Parameter values are shown in Appendix E.

in

upplemental water requirements for all loc¢al water users as deter-
Tined in 3tudies A-2, B-2, B-3, and B-4 were utilized together with
tthe results of studies C~1 and C-2 to derive examples of possible
4llocations, Other similar allocations might also have been made
by application of parameter values given in Appendix E to total
sieasonal values of supplemental water requirements for Studies

A-1, B-l, A-2 (Mcdified), and B-2 (Mocdified), as given in Table 24,
o to any other wvalues,

Preszented in Table 27, is a summary of allocation

regsults which were cobtained by applying the allocation parameters,
bhAsed upon Studies C-1 and C-2, to the total supplemental irriga-
tfon and municipal water requirements as determined by the various

studies of the "A" and "B" Series. In addition, unallocated total
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sypplemental water requirements for salinity control are :h «

fgr each study.

The aforesaid examples indicate relatively small :. /op-

erjces in allocations for most major water users as between the
rgsults of applying the C-1 and C-2 parameters. This is true
dgspite the significant differences between Studies C-1 and C-2
wiith regard to assumptions of the water right status of salinity
cogntrol. The principal exceptions to the aforesaid rule are in
the cases of the Glenn-Colusa Irrigation District and of "Other

Wdater Uszserst,

Alliocation of Responsibility for Salinity Control

Ail cof the uncertaintiss as to legal bases for final
alliocation of available natural flow described in the first
paragraph of this chapter are applicable to salinity control.,
However, it may be said in general that the Delta water users

and the Central Valley Project now receive,and that the State's
Felather River Project will receive direct benefits from salinity
comtrol. It may also be said that upstream water users along the
Sacramento River and other tributaries of the Delta receive
certain indirect benefits from such control., Thus an interrela-
tipnship exists among the aforesaid benefits.

There may be differences of opinion beth as to the
reflative responsibilities for salinity control among the govern-
meptal agencies concerned and among groups of water users and as
to| the degree of control that should be provided. There may also
bel various opinions regarding alternative economical and reason-

able methods of providing water of geood quality for diversion
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frgm the Delta. No attempt is made to in this report to a.

thgse matters, because it appears that such determinatior. .
beyond the scope of an engineering study and are in the r= ..
argitrary compromise. Therefore no specific method of ali~-

of [responsibility for flood control is suggested in this rep-: .

Alllocation Under Operating Conditions

It has been indicated that the methods of allocation of
regponsibility for supplemental water requirements, suggested in
thils report, pertain to average conditions under water supplies
prevailing in the years from 1924 through 1954. It has also been
stated that this procedure permits the water users to view the
average results of the various assumptions as to allocation methods
that might apply over such a period.

This does not preclude use of this type of allocation
procedure under operating conditions, if it is decided to base the
i annual payment for supplemental water upon anticipated water supply

conitions and conditions of demand occurring during each specific

yealr. ©m the basis of these conditions, estimation of the total
responsibility of all local water users could be accomplished
without difficulty at the beginning of each irrigation season,

A npmber of possible alternatives are available for allocation
of this overall responsibility. One would involve multiplying
the| total requirement for supplemental water for all local wa* v
users by -average allocation parameter values, such as those
menpioned previously, to determine the obligation of each water

_usepr during the year in question. This might be considered
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Tor each season.

for all local water users.

Peasonable if each water user were willing to concede Gho
period of years his water diversions with relation to Jd: -

by other water users would average about the same as the 1 .

hpon which the parameter values were based.

A second method of allocation under actual operating
ponditions might be based upon parameters computed specifically
Sucﬁiparameters would depend upon each water

hser's contemplated diversions and the probable yield of his

water rights for the season in question as compared to such data

It is believed practicable to devise

. formula whereby parameters, such as those described in this

thapter, might be modified in an approximate manner to accomplish

Lthis end.,
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VIT - SUMMARY, CONCLUSIOKNS, AND RECCOMMENDATIONS

This chapter presents a brief summary of the ac:i i
and procedures in studies under the 1956 Cooperative Study F:-y :am

and the more significant conclusions resulting therefrom. Recom~

R Rk T N R

ey
KA

mendations for future action on matters with which this report is

comcerned, are presented.

B sumery
% The 1956 Cooperative Study Program was commenced in May,

1956, cooperatively by the United States Bureau of Reclamation,
thHe 3tate Department of Water Resources,; and the Sacramento River

and Delta Water Association. The purpcose of these studies was to

jcate the effects upon the United States and upon local water

Wgers of different assumptions as to water rights, particularly as

| rights along the Sacramento River and in the Sacramento~San Joaguin

lta, with respect to the adeguacy of unregulated stream {low to
et the current needs of the water users for irrigation and for
Q?inity control in.the Delta and conversely the need for supple-
.Etal water from the Central Valley Project under these varying
prtionsv It Qas intended for these studies to produce informa-
that would be used to further negotiations aimed at reaching

agreement on water rights along the Sacramento River and in the
4 total of ten complex studies was made to evaluate, under

ifferent assumptions as to water rights, yields of water rights

e monthly quantities of water available for satisfaction of such
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rights from flows of the Sacramento River and from Delta -:ainnels
without regulation by reservoirs of the Central Valley Pre et in
the Sacramento Valley. The 3l-year period 1924 through 1954 was
used for study purposes because essential hydrographic records
were available in sufficient detail for that period. The years
1955 and 1956 were not included because a number of final hydro-
graphic records were not available. Only the months of the irri-
Fation season from April through October of each of those 3l~years
pere studied because it was found that unregulated water supplies
in all other months were generally ample for all requirements.
Average values for the irrigation seasons in those years are
referred to in this chapter as *3Jl-year-average-irrigation-season®
yalues. Monthly deficiencies were also estimated for each study
s the differences between water right yields and the 1954-55
liversion level or, in sesveral cases, the values of assumed rights.
Monthly quantities of supplemental water required to firm the
vater right yields to the 1954-55 diversion level were also esti-
mated. Finally, quantities of water remaining at the various
points along the River after satisfaction of various water rights
were computed. These results are shown in Volume II of this
report but are not discussed in Volume I.

The water right assumptions, which were made for this
Yeport, were solely for the purpose of evaluating the effects of
these assumptions upon water right yields, deficiencies, and sup-
plemental water requirements, and no implications as to the legal
status of such assumed rights are intended. Assumed guantitative

Yalues; or "face" values, of water rights were based upon
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estimated water requirements for areas of physically ripar .-

langl along the Sacramento River above Sacramento as derive:

from title search records; upon records of historical use -
wat¢r under appropriations by postings made prior to 1914, ax
shoyn in county records; upon records of appropriation made
subgequent to 1914, as shown in the files of the State Water
Rights Board; and upon records of water use over a substantial
perilod of years on lands not assumed to be physically riparian
and |having no apparent claim of appropriative water right re-
ferried to hereinafter as "other!" water rights, It was assumed
that| all Delta Lowlands as shown on Plate 3 are riparian to
the ghannels of the Delta and to waters of tributary streams.
Navigation requirements along the Sacramento River were ig=
norefl. For purposes of studies of the "A"™ and nmBn Series,
described hereinafter, the assumed water rights were assembled
into| five priority groups as follows:

Priority Group 1 - Assumed local rights of pre-1927

(July 30, 1927) priority including water requirements of

assumed physically riparian lands along the Sacramento
River north of Sacramento and in the Delta Lowlands,
pre=191. appropriations by posting, 1914-1927 appropria-
tions under the Water Commission Act of 1914 and assumed
pPre-1927 "other" water rights:; In some studies, salinity
control requirements of 3,300 or 2,000 second-feet were
assumed to be analogous to riparian rights and were con-

sidered in this priority group.
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Priority Group 2 - Assumed rights under Sta -

ment of Finance applications f£iled July 3G, 19z

those at Shasta Dam assigned to the United State- i
Central Valley Project and in some studies other Stia
filings on the Feather, Yuba, Bzar, American, Stanislaus,
and San Joaquin Rivers.

Priority Group 3 - Assumed local appropriative and

"other" rights of priority between July 320, 1927 and
August 2, 1938,

Priority Group 4 - Assumed rights under State Depart-

merit of Finance applications filed on August 2, 1938, and
assigned to the United States for the Central Valley
Project.

Priority Group 5 - Assumed local appropriative and

)

"other" rights of pricrity Letween August 2, 1938 and

December 31, 1954, and in some studies assumed rights

under 3tate filings on the Feather River in 1951. 1In

two studies a salinity control requirement of 3,300

second-feet was assumed to have a status analogous to

an appropriative water right of post-1954 priority.

Several of the assumptions were the same for each

study but other assumptions were varied among the studies. 1In
all studies; the face value of 1927 State Application No. 5626
at Shasta Dam, assigned to the United States,; was assumed in
full but with variation in the monthly distribution of demand
as explained hereinafter. The 1938 State Applications No.

9364, 9366, 9367, and 9368, assigned to the United States; were

LSt o e
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abilized to augment the direct diversions under the afor. -
927 State application, but limited to the face value of
pplication. The requirement for the Contra Costa Canal,

tHoth the assumed 1927 and 1938 rights of the United States
gaken under a municipal and industrial demand schedule with o
qaximum value of 350 second-feet in July and with lesser vali:.
n other months, Variable assumptions as to demands under

a%samed rights of the United States are discussed subsequentiy

The bagic difference between studies of the "AY" and
B" Series is that under the "AM™ Series all water rights in
riority Group 1 were assumed to be gatisfied in geographical

pder proceeding downstream without regard to any pessible

pfior status of assumed riparian rights, while under the "B"

Skries, assumed riparian rights within that priority group

ere assumed to be satisfied hefore any appropriative rights
pardless of location in the service area. Studies of the

CP Series differed from those of the "A" and "B" 3Series in

st 21l assumed rights were taken as being satisfied in chron: -

logical order in accerdance with their priorities. The sali-

3

sumptions and computation procedures that differ among the

studies are described as follows:

"A" Series - Assumed local water rights within

Priority Groups 1, 3, and 5 were assumed to be satis-

fied to the extent of available unregulzted modified

natural flows along the River and in the Delta in geo~-
. graphical order proceeding downstream from Redding,

without regard to priorities in each group, and with
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credit being given for return flows from ths estime oo

wd .
ER T

et

diversiong under these assumed rights, The ful

values of local water rights shown in Tablez 1 throwih

4 of Appendix D were assumed in each study gxcept that
70% of historical 1955 Delta Uplands diversions were
taken as pre~1927 water rights and 30% of such diver-
sions were taken as post-1938 water rights. Thesge
percentages were based upon a cursory examination of
the 1955 diversion records and upon information as to
water rights under which such diversions were made,
Salinity control requlirements of 3,300 zecond-feet were
assumed to have a status analogeous to a riparian right.
Study A-1 - The requirement for the Delta-
Mendota Canal was assumed to be a constant demand
of 4,600 second-feet under both 1927 and 1938
assumed rights of the United States. Municipal
and industrial requirements of the United States
in the Delta under State Application No. 9363
(made in 1938) were assumed to be 100 second-feet.

Study A-2 - The requirement for the Delta-

Mendota Canal, under assumed 1927 rights of the
United States, was taken on an irrigation demand
schedule, with a maximum value of L ,600 second-
feet in July and with lesser values in other
months. The differences between the irrigation
demand and a constant demand schedule were taken

as being made up under assumed 1938 rights of the
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United States., Municipal and industrial require-
ments of the United States in the Delta under Stat.
Application No. 9362 were assumed tc be 1000 secord-
feet.

Study A-2 (Modified) - Assumptions and pro-

cedures were the same as in Study A-2 except that
certain other State filings on the Feather, Yuba,
Bear, American, Stanislaus, and San Joaquin Rivers,
as listed in Table 5 of Appendix D, were assumed to
share the water available for Priority Group 2 with
assumed rights of the United States. 1951 State
applications on the Feather River were assumed to
be satisfied after assumed 1954 local water rights
because appropriations between 1951 and 1954 were
small,

"Bt Series - Within Priority Group 1, rights of

assumed physically riparian lands above Sacramento and

in the Delta Lowlands and salinity control requirements,
when assumed to have a status analogous to riparian rights,
were taken as being satisfied before any assumed appropria-
tive or "other" water rights. The remaining assumed local
appropriative and "other" water rights within Priority
Groups 1, 3, and 5, were assumed to be satisfied in geo-
graphical order proceeding downstream from Redding without
regard to priorities in each group. The full face values
of local water rights shown in Tables 1 through 4 of

Appendix D were assumed in each study except that 70% of
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historical 1955 Delta Uplands diversions were haken

pre-=1927 rights and 3C0% of such diversions were [.:

post-1938 rights.

Studies B-1, B-2, and B-2 (Modifizd) - A5 wup=-

tions were the same with respect tc assumed rights
of the United States and other State fiiings as in
corresponding studies of the A" Series, Salinity
control requirements of 3,300 second~feet were
assumed to have 3 status analogous to a riparian
right.

Study B-3 - The requirements for the Delta-
Mendota Canal, under assumed 1927 rights of the
United States, were taken on an irrigation demand
schedule with a maximum value of 4,600 second-feet.,

The differences between the irrigation demand and

a constant demand of 4,600 second-feet were taken
as being made up under assumed 1938 rights of the
United States, Municipal and industrial require-
ments of the United States in the Delta under State
Application No. 9363 were assumed to be 1,000 second-
feet. A salinity control requirement cf 2,000
second~-feet was assumed to have a status analogous
to a riparian right,

Study B-4 -~ Assumptions and procedures were
the same as for Study B-3 except that salinity
control requirements of 3,300 second-feat were
assumed to have a status analogous to a post-1G54
appropriative water right,
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"C" Series -~ Rights of assumed physically riparia:

lands above Sacramento and in the Delta Lowlands and
salinity control requirements, when assumed to have a
status analogous to a riparian right, were satisfied before
pny assumed appropriative or "other" water rights. Follow-
ing this all assumed local appropriative and "other" water
Fights and assumed rights of: the United States were taken
ns being satisfied in chronological order of priority re-
gardless of location along the Sacramento River and in the
Pelta Uplands. The full face values of local water rights
shown in Tables 1 through 4 of Appendix D, including those
for the Delta Uplands, were assumed in each study. In

these studies the degreesof satisfaction of assumed ripar-

lan and appropriative water rights of each of 26 major
water users along the Sacramento River and in the Delta
Uplands were estimated. The following are the differences
between Studies C-1 and C-2:

Study C-1 - Assumptions were the same with re-
spect to assumed rights of the United States as in
Studies A-1l and B-1l. Salinity Control requirements
of 3,300 second-feet were assumed to have a status
analogous to a riparian right.

Study C-2 - Assumptions were the same with re-
spect to assumed rights of the United States as in
Studies B-3 and B-4. Salinity control requirements
of 3,300 second-feet were assumed to have a status

analogous to a post-1954 appropriative water right.
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Table 28 presents a summary of the important »

' the afeoresaid ten studies that pertain to yields of -

ater rights of the local water users and of the United &

nd to deficiencies and supplemental water requirements. rc.: .ng
© assumed rights of the local water users. It is to be no.ed
hat deficiencies computed for studies of the WA"™ and "R" Series
re the differences between estimated yields of the respective

5 s umed rights and the 1954-55 level of diversions. Similarly
pplemental water requirements under studies of the "A" and

B" Series are the net amounts of water required to firm the
Lelds of the respective assumed water rights to the 1054-55
pvel of diversions, with cfedit being given fer return flows
Fom use of such supplemental water supplies. Only deficien-
ies were computed for studies of the mcn Series, and those

pfer to the differences between yislds of assumed water rights

nd the face values of those rights, These deficiencies were

used to compute parameters, or factors, to derive illustrative

xamples of allocations of responsibility for supplemental

hter requirements, estimated in the "A" and ®B® Series, among

hjor local water users.,

Cenclusions

The following conclusions have been reached as a

result of the analyses of data and information pertaining to
water supplies; water use, and water rights along the
Sacramento River, in the Sacramento-San Joaquirn Delta, and

o certain tributaries thereof, which are described in this

repors,
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1. The total of face values of all local water
asslumed for studies of the "A™ and "B"™ Series was 4,044 G0
acrle-feet during the irrigation season,

2. The total 1954-55 level of local diversions a.: -
the| Sacramento River and in the Delta was about 3,532,000 acre-
feef during the irrigation season excluding water required for
salfinity control.

3. Studies of the "A" Series indicate that the 31-
year-average~irrigation-season yields of all assumed local

fi water rights for beneficial use other than salinity control

would have been about 3,200,000 acre~feet, with salinity con-

trol assumed to have a status analogous to a riparian right to
avallable flows up to a maximum of 3,300 second-feet., Esti-
mated yields of all assumed local water rights under the three
studies of the "A" Series do not differ greatly from one
another because of the large percentage of such rights which
were assumed to have a pre-1927 priority and because variations
in water-right assumptions affect only water rights of 1927 and
latgr priorities.

4o Studies of the "B" Series indicate that the 31-
yean-average~irrigation-season yields of all assumed local
watgr rights would have been about 2,700,000 acre-feet, with
Salinity control requirements up to a maximum of 3,300 second-
% ieet assumed to have a status analogous to a riparian right;
l.kfébout 2,850,000 acre-feet, with salinity control requirements

: %Q@b to a maximum of 2,000 second-feet assumed to have a status

}@halogous to a riparian right; and about 3,150,000 acre-feet
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vith salinity conorol requirements up to a maximum of 3,7
gecond-feet assumed to have a siatus analegous to a pot-

bppropriative water right., Estimated yields of all assume=n

jocal water rights under the first three studies of the "B"
Peries do not differ greatly from one another because of the
large percentage of such rights which were assumed to have.a
pre-1927 priority and because variations in water~right assump-
tions affect only water rights of 13627 and later priorities.

5. Estimated yields of assumed local water rights

]

f pre-1927 priority above Sacramento are greater under the

A" Seriles than under the "BY" Seriss because such rights in

t

he "A"™ Series were assumed to be satisfisd in geographical

O

rder proceeding downstream from Redding, thus leaving the

atisfaction of rights in the Delta to last pricrity within

9]

the pre-1927 priority group. Conversely, estimated yields of
gssumed local water rights of pre-1927 prierity in the Delta
are greater uncer the "B" Series than under the "A% Series.

-

0. Estimated yields of assumed 1927-1938 and poste

[

D38 rights of local water users are small in the months of

[

uly through Qctober.
7. The total requirements for galinity contrel during

the Irrigation season, April through October, are 1,400,000

apre-feet for a constant outflow from the Delta of 3,300 second-
feet and 850,000 acre-feet for a constant outflow of 2,000 acre-
feet.

8. Studies of the "A" Series indicate that the 31~
year-average-irrigation-ssason quantities of water available

to meet requirements for salinity control up to a maximum of

&1L




of 3,300 second-feet, taken as having a status analogous * -

ripprian right, would have been about 960,000 acre-feet.,

9. Studies of the "B" Series indicate that the 3..-

year-average-irrigation-season quantities of water available

to meet requirements for salinity control would have been aboutl

1,160,000 acre-feet with such requirements up to a maximum of

3,300 second-feet assumed to have a status analogous to a ri-

jan right; about 740,000 acre-feet with such requirements

0 a maximum of 2,000 second-feet assumed to have a status

Ogous to a riparian right; and 590,000 acre-feet with such

lirements up to a maximum of 3,300 second-feet assumed to

a status analogous to a post-1954 appropriative water right.
10, Assumed irrigation season totals of water rights

he United States under 1927 direct diversion and storage

Ngs and under 1938 direct diversion filings amounted to

t 3,550,000 acre-feet for Studies A-1 and B-1 and about

0,000 acre-feet for all other studies of the "A"™ and "B"

BS .

1l. Total Bl-yearmaverage—irrigationmseason yields

11l assumed rights of the United States would have been

b 1,500,000 acre-~feet for Studies A-1, A~2 (Modified),

and B-2 (Modified) with salinity control up to a

imum requirement of 3,300 second-feet assumed to have a

is analogous to a riparian right. Lower yields than

| normally be expected for greater assumed rights in the

ied studies are caused by part of the available supply

these studies being required for State filings on the
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cther atrzamg mentioned in viis <hapter wunder the heacd ..
"Summary™,

oy

1<, Total 3l-year-average-irrigatior-season vawl.d

of ail assumed rights of the United States under Studies i-2
and B-2 would have been about 1,700,000 acre-feet with salinity
control requirements up to a maximum of 3,300 second-feet assumed
to have a status analogous to a riparian right, Greater esti-
mated yields under these studies than under Studies A-1 and B-1,
respectively, are due to the azsumption of graater municipal
and industrial demands under the 1938 direct diversion rights
in the Delta.

13. Total 3l-year-average-irrigation-season vields
of all assumed rights of the Urited States under Study B=3 would
have been about 1,800,000 acre-feet, with salinity contrel re-
quirements up to a maximum of 2,000 second-feet assumed toc have
a status analogous %o a rivarian right.

l4s Total 3l-year-average-irrigation-season yields
of all assumed rights of the United States under Study B=4
would have been abcut 2,100,000 acre=feet; with salinity control
requirements up to a maximum of 3,300 second-feet assumed to
have a status analogous to a post-1954 appropriative water right.
15, Study C-1, with salinity control requirements
up to a maximum of 3,300 second-feet assumed to have a status
analogous to a riparian right, indicates that the total 31-
year-average-irrigation=season yield of assumed riparian and

appropriative water rights of 26 major entities along the

Sacramento River above Sacramento and in the Delta Uplands
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would hpve been about 1,330,000 acre-feet; that the average
yield fpr the Deita Lowlands would have been about 1,040,000
acre~fept; that the average yield for water users other than

the forpgoing would have been about 420,000 acre-feet; and

v

that the total average yield of all assumed local water rights
would have been about 2,790,000 acre-feet.

16. Study C-2, with salinity control requirements
up to a|maximum of 3,300 second-feet assumed to have a status
analogoys to a post-1954 appropriative water right, indicates
i that the¢ total 3l-year-average-irrigation-season yield of
assumed [riparian and appropriative water rights of 26 major
entitieg along the Sacramento River above Sacramento and in

4 the Delfja Uplands would have been about 1,750,000 acre-feet:
1 that thq average yield for the Delta Lowlands would have

| been abdqut 1,040,000 acre~feet; that the average yield for

other wgter users not considered in detail would have been

about 460,000 acre~feet; and that the total average yield of
all assumed local water rights would have been about 3,250,000
acre-feet. The greater yields under Study C-2 than under
Study C-l are due to differences of assumptions regarding
salinity| control.

17. The averdge irrigation deficiency, or the

total 31i-year-average-irrigation-season difference between

the yielfls of all assumed local water rights and the 1954
level of| diversions north of Sacramento and the 1955 level

of water| utilization in the Delta, would have been about

480,000 hcre-feet as estimated by studies of the "A"™ Series
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and 990,000 acre-Teet as estimsted by the first thres s .-

of the "3" Series, with salinity control requirements

s

maximum of 3,300 second-feoet assumad to have a status ansi~:ocus

Lo a riparian right. The average irrigation deficiency would
have been about 830,000 acre-feet as estimated by Study B-3, with
salinity control requirements up to a maximum of 2,000 second-
feet assumed to have a status analogous to a riparian right.

The average irrigation deficiency would have been about 560,000
pcre-feet as estimated by Study B-4 with salinity control re-
quirementg up to a maximum of 3,300 second-feet assumed to have

g status analogous to a post-1954 appropriative water right,

18, The average salinity control deficiency, or the
total Jl-year-average-irrigation-season difference between the
$alinity control requirements and the quantities of water avail-
abils to meet those requirements, would have been about 430,000
acre-feet as estimated by studics of the M"AW Series and 240,000
acre-feet as estimated by the first three studies of the "B"

Jeries, with salinity control reguirements up to a maximum of

3,300 second-feet assumed to have a status analogous to a ri-
Barian right. The average salinity control deficiency would
Have been about 110,000 acre~feet, as estimated by Study B-3,
with salinity control requirements up to a maximum of 2,000
gecond-Ieet assumed to have a status analogous to a riparian
water right; and about 780,000 acre-feet as estimated by Study
-k, with salinity control requirements up to a maximum of

B
3,300 second-feet assumed to have a status analogous to a post-
1

P54 appropriative water right.,
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19. The average irrigation deficiencies for th.
ries were taken as the 3l-year-average-~irrigation-seasc
fferences between yields of assumed water rights and th-
Llues of such rights. Study C-1, with salinity control rea
irements up to a maximum of 3,300 second-feet assumed to huv
status analogous to a riparian right, indicates that the as-
pge irrigation deficiency for 26 major entities along the
framento River above Sacramento and in the Delta Uplands

11d have been about 1,100,000 acre-feet; that the average
rigation deficiency for the Delta Lowlands would have been
put. 16,000 acre-feet: that the average irrigation deficiency

r water users other than the foregoing would have been about

419,000 acre-feet; and that the total average irrigation de-

igiency for all local water users would have bzen about

p30,000 acre-feet, The value of 1,530,000 acre-feet is

greater than the corresponding irrigation deficiency for Study

1, amounting to about 990,000 acre-feet, because the former

based upon the full assumed rights of local water users and

the latter is based upon the lesser 1954-55 level of diversior-

20, Study C-2, with salinity control requirements .

a maximum of 3,300 second-feet assumed to have a status anai

ogous to a post-1954 appropriative water right, indicates thav

the average irrigation deficiency for the 26 major entities

al¢ng the Sacramento River above Sacramento and in the Delta

Uplands would have been about 690,000 acre-feet; that average

irgigation deficiency for the Delta Lowlands would have been

abqut 16,000 acre-feet; that the average irrigation deficien—.
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for water users other than the foregcing would have =+ :- . it
370,000 acre-feet; and that the total average irrigs. v i

ciency for all local water users would have been about . 7 @ 300

acre-feet. The value of 1,070,000 acre-feet is greater chan the
corresponding figure for Study B-i4, amounting to about 560,000
acre~feet, because the former is based upon the full assumed
rights of local water users and the latter is based upon the
lesser 1954-55 level of diversions.

2l. The average supplemental irrigation water re-
quirements, or those quantities of water needed to firm the
3l-year-average-irrigation season yields of all assumed rights
of local water users to the 1954=55 level of diversions, would
have been about 420,000 acre-feet as estimated by studies of
the "A"™ Series and about 670,000 acre-feet as estimated by the
first three studies of the "B Series, with salinity control
requirements up %o a maximum of 3,300 second-feet, assumed to
have a status analogous to a riparian right. The average sup-
plemental irrigation water requirement would have been about
580,000 acre-feet as estimated by Study B-3, with salinity con-
trol requirements up to a maximum cf 2,000 second=feet assumed
to have a status analogous to a riparian right, The average
supplemental irrigation water requirement would have been about
410,600 acre-feet, as estimated by Study B-4, with salinity
control requirements up te a maximum of 3,300 second-feet
assumed to have a status analogous to a post-1954 appropriative

water right.
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22, The 31l-year=-average~irrigation-season-supple-

water requirements for salinity control would have bec:

30,000 acre-feet as estimated by studies of the wan

and about 220,000 acre-feet as estimated by the first

three gtudies of the "B" Series, with salinity control require-

ments yYp to a maximum

status

water requirement for

102,000
control

assumed

of 3,300 seccnd-feet assumed to have a

riparian right.

analogous to a The average supplemental

salinity control would have been about
acre~feet, as estimated by Study B-3, with salinity
requirements up to a maximum of 2,000 second-feet

to have a status analogous to a riparian right; and

about 780,000 acre~feet as estimated by Study B-k, with sa-

linity

contrcl requirements up to a maximum of 3,300 second-

feet aspumed to have a status analogous to a post-1954 appro-

priativp water right.

gation

about 2

23, Total supplemental water requirements for irri-

pnd salinity control under each study would have been

-5 times the foregoing 3l-year-average values during

the crifically dry year of 1931 and an average of about 1.4

through

# requirefents are shown in Table 27.

~ applying

That tal

ich values during the critically dry period from 1928
1934,

2L, The results of illustrative allocations among

‘individpal water users of total supplemental irrigation water

These were derived by
allocation parameter values based upon deficiency in-
pnn from the "C" Series to supplemental water require-

=

D

estimated by several studies of the "A"™ and "B" Series.

ple indicates for most of the 26 major entities
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elatively small differences betwean allccations derived

sing parameters based upou deficiency information fron

-1 and those based upon (=2 infeormation. In some cases e

-1 parameters result in a greater allocation of résponsib;llty
or supplemental water to a given water diverter and in other
ases the C-2 parameters result in the greater allscated respon-
ibility. However, results for the Glenn-Colusa Irrigation
istrict indicate a substantial reduction of the allocated re-
ponsibility based upon C-2 parameters as compared to the re-
ponsibility based upon G-l parameters. The result for all
ther appropriators not ccnsidered in detail indicate a sub-
tantial increase of the allocated responsibility based upon

he C-2 parameters as compared to the responsibility based

pon C-l parameters.

25, Other illustrative allocations of responsibility
pr supplemental water might be made by applying the parameter
alues given in this report, or similar values, %o results of
tudies of' the "A" and "B" Series not shown on Table 27 or to
esults of any other similar studies.,

26. The illustrative allgcations of responsibility
pbr supplemental irrigation water, mentioned above, are for
verage conditions during the period 1924 through 1954. It is
plieved that this allocation apprecach with modification might
Llsc be used under operating conditions if it is decided to

pse the annual payment for supplemental water upon anticipated
ater supply conditions and conditions of demand occurring

iring each specific year.
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Recommendations

It is recommended:

1, That representatives of the water user associati.: .

study ip detail the results contained in this report, and if

necessayy the detailed computations on file with the Department

of Water Resources, in order to evaluate the conclusions and the

adegquacy and soundness of the underlying assumptions and compu-

tation procedures,

2. That representatives of the Bureau of Reclamation,

the Department of Water Resources, and all interested water

user organizations meet as soon as possible to discuss the

adequacy

¢f the findings contained herein for negotiations to

follow and, if necessary, to recommend certain minimum addi-

tional gtudies in order that the essential data may be made

available.

3. That negotiations among representatives of the

interested parties be commenced as soon as possible on a con-

tinuous

reaching and negotiating an
provisign of a supplemental
identified and that special

to determine ways and means

Possible

basis.

4., That the various problems facing the parties in
agreement on water rights and on
water supply to the water users be
permanent committees be established
of solving each problem including
+ compromise proposals.

5. That water users begin study of the types of
, districts, or other legally constituted entities

'y to negotiate and enter into an agreement and that
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Steps nscessary to accomplisk the formation be inicis o

suant to terms of the Memorandum of Understanding o1

cluded as Appendix A to this Ireport.
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